T he terms "team building" and "employee involvement" are familiar to workers in the contemporary manufacturing environment. American manufacturers have been challenged to increase productivity and global competitiveness. The concept of employee involvement has been used as one means to accomplish this. Use of this framework represents a digression from the traditional concept of modem work organization, which stresses "hierarchy, division of labor, repetitious and fragmented work, close supervision, and lack of interaction, among others" (Rest 1996) .
The team concept, which highlights worker participation and involvement, has traditionally been used in the occupational health and safety field. Occupational health and safety professionals have typically involved workers in programs under the premise it is the fair and right thing to do. Also, no one else knows more about a job than the worker.
Occupational and environmental health nurses in the manufacturing environment are often the first persons to become aware of the effects of poor ergonomics design on the human body because of their treatment of work related musculoskeletal disorders. When viewed from the health promotion/prevention standpoint, it is a natural progression for the nurse in the workplace to assume an active role in this regard.
According to the National Institute for Occupational Safety and Health (NIOSH), there are proven benefits to
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• Enhanced worker motivation and job satisfaction, • Added problem solving capabilities, • Greater acceptance of change, and • Greater knowledge of the work and organization (NIOSH, 1997) . Ergonomics teams are an example of a health and safety program recently introduced to the workplace. The definition of ergonomics is the adaptation of the work environment to fit the worker. Some manufacturers have experienced heightened awareness of the costs incurred by workers injured on the job as a result of poor ergonomics task design. Ergonomics teams have been successful in reducing both injury rates and lost workdays. For example, at Boeing Defense and Space, the ergonomics program helped cut its lost workdays from 6.28 per person in 1992 to 1.59 in 1995 (Perry, 1995) . The financial benefits of comprehensive health and safety programs, including ergonomics, have been well documented (NIOSH, 1997) .
This case report focuses on an ergonomics team facilitated by an occupational health nurse at a glass manufacturer (XYZ Plant) with under 200 employees, located in the midwestern United States. The plant was built in 1948.
It is believed this case report framework is transferable to other workplaces attempting to establish an ergonomics program. The case report describes the establishment of the plant's first ergonomics program.
MANAGEMENT SUPPORT AND COMMITMENT
Fundamental to any ergonomics program is the commitment of top management (OSHA, 1993) . It is essential the plant manager allocate both financial and administrative resources. In this case report, the plant designated money for projects and allocated time for employees to attend committee meetings and work on projects. All members of the ergonomics team were included. Particularly important to the program was the time spent by maintenance mechanics and engineers investigating and fixing ergonomics problems associated with mechanical equipment. The plant manager must allow these employees to spend time on ergonomics endeavors at the expense of production projects.
In this case report, support for the ergonomics team either grew or diminished with each new plant manager. Until full management endorsement is obtained, the nurse should consider not taking responsibility for the ergonomics team in the first place, or discontinuing it if a new plant manager is not supportive. It is important for occupational health and safety professionals to be aware that:
Any half hearted attempt by management to implement such a complex program should be discouraged by the employees responsible for the detailed activities (Perry, 1997) .
Frustration on the part of the team and the entire work force results from unfunded and unsupported mandates.
Occupational health professionals should be vocal advocates for meaningful worker participation programs, and vocal critics of sham programs designed simply to advance the productivity goals of management (Rest, 1996) .
GETTING THE TEAM TOGETHER
NIOSH (1997) commissioned a study in 1992 which focused on three case studies related to the efficacy of ergonomics teams in three separate meatpacking plants. Five general concepts emerged as a result of the study: • The team needs strong in-house direction and support. If support and effort were driven by outside contractors/investigators, it was a good indication the ergonomics program would not be successful.
• The teams most successful in terms of jobs analyzed and solutions implemented had significant training in both team building (interpersonal processes and developing consensus) and ergonomics (defining risk factors related to musculoskeletal disorders and techniques for job analysis). The team with the least success had limited formal preparation and training, using only brainstorming methods to identify ergonomics problems and solutions.
• Teams need to be kept small, and include workers and supervisors in the area of interest. Plant engineers and maintenance personnel who could make the proposed changes should also be included. Higher level management personnel may serve on a separate group to oversee and approve team activities.
• It is important for injury and production data to be shared. The plant work force needs to be informed about progress and accomplishments on a regular basis. • Problem solving goals took more time than expected to attain. JULY 1999 VOL. 47, NO.7 The ergonomics team at XYZ Plant fulfilled most of the requirements listed above. Striving to attain goals is part of the process. In manufacturing, it is essential to be realistic about time constraints and financial resources.
The diversity of the XYZ team was a major strength. Members had a variety of educational backgrounds and work experiences. The permanent team was comprised of the following: • Occupational health nurse as facilitator, • Maintenance millwright and an electrician, • Three production workers, • Safety specialist, • Human resources manager, and • Engineer.
All members were volunteers. The union had no objection to its members' participation. Additional production workers and the process engineer from the area under study were invited to join as temporary team members. This combination of employees made the best use of valuable time. Avoiding the pitfall of too many managers and too few workers is crucial. Managers may be preoccupied with production demands and override the time and effort needed to resolve injury prone job tasks (NIOSH, 1997) .
Some additional desirable attributes of team members are "'hands-on' technicians or engineers ... good at design or layout and can assist in making prototypes and setting up simulations" (Moore, 1994) . The team at XYZ Plant was fortunate to have some members with these skills.
In the XYZ plant pitfalls arose in relation to the union, management, and the employees. The labor union was concerned that ergonomics problems would be recognized, but would not be fixed due to lack of funding by the plant management. The supervisors in the plant were concerned that ergonomics team members would fail to meet production demands due to time spent working on ergonomics projects. Workers participating on the team feared resentment from coworkers who had to cover their jobs while they attended meetings and worked on projects. In the initial stages of a plant ergonomics program, a consistent message from the plant management about the importance of ergonomics can help alleviate these pitfalls. As the program progresses, "perhaps the most important criteria are whether the program is achieving or has achieved its defined objectives and whether the management and workers believe that the program is worthwhile" (Moore, 1994) .
Potential problems related to the team member selection process occurred at the XYZ plant. Some team members found it difficult to apply knowledge gained in training which required skills outside of their normal job functions. Other potential pitfalls concerned teams in general. Personality attributes and interpersonal skills of the members must be considered. Passivity and reluctance to participate can be a roadblock. Consensus building is also important for teams. Members need to take an active role and produce measurable results, oth- According to a case study described by Moore (1995 ) , some obstacles to the functioning of ergonomics teams include lack of advanced notice of meetings, inconvenient meeting times, non-attendance by key people, and lack of meeting structure. Other problems described in Moore 's case study included individual s busy concurrently with other major projects; problems finding a good meeting space; and personnel shortages which made it difficult to get team members to meetings (Moore, 1994.) At the XYZ plant, contributions of team member s were dependent on their specific areas of expertise (Table) . The occupational health nurse assessed posture , body motions , and lifting techniques used in performing ergonomics task analysis. Epidemiologic principles were used in reviewing injury data to identify trends in different job tasks . The safety specialist reviewed accident investigation data (including "near miss" incident s in which no injury occurred) with the goal of determining which tasks had ergonomic s problems as their root cause. The maintenance electrician and millwright were familiar with tooling issues and mechanical functioning of equipment. The production worker team members had performed many of the tasks under study and were an invaluable source of information related to the day to day functioning of their job s. The process engineer provided input concerning modifications to "engineer out" the problem. Engineering input was essential when the production process was impacted by the ergonomics change. The human resource manager gave assistance with team building, effective team communication, and decision making .
A particular challenge at XYZ plant was the contin-
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uous operation of the plant, 24 hours per day, 7 days per week, with production employees working on rotating 8 hour shifts. This made it necessary to schedule the meetings on various days and at different times to make it convenient for member s to attend . Flexibility was essential.
TRAINING TEAM MEMBERS
Training is an integral part of any health and safety program, including ergonomics (NIOSH, 1997) . Ideally, the entire plant needs to participate in some component of ergonomics awareness training. However, in this case report, formal classroom training was not feasible for the entire plant. Awareness throughout the plant was achieved through regularly scheduled safety meetings, posters, and handouts. Posting committee meeting minutes in the plant and publicizing successfully completed projects were helpful.
The nurse had received formal classroom training in ergonomics at a local university. Intensive I or 2 day seminars may be an acceptable substitute for formal coursework. All ergonomic s team members should attend this type of training. According to NIOSH (1997) , two training topics should be covered for the entire ergonomics team. These topics include general and formal ergonomics awareness information , including job specific training, training in job analysis and controlling risk factors, and training in problem solving and the team approach.
Much of the ergonomics training at the XYZ plant was done on site by an ergonomics consultant and the occupational health nurse. This training proved to be cost effective and consistent with time constraints. A review of incident and injury data was performed in preparation for the consultant's arrival. Prior to seminar training , the consultant toured the plant and spent a few days evaluating some problem areas. The nurse and several team members visited a local company that had already implemented an ergonomics program. A tour of the company and a discussion with its ergonomics team helped gain ideas transferable to XYZ Plant. In addition, rehabilitation vendors in the local community came to meet with the team to give ergonomics presentations free of charge. This benefited both the company and the vendor. The company gained free training and the rehabilitation vendor gained potential new client referrals from the nurse.
SELECTING ERGONOMICS PROJECTS
Once the XYZ ergonomics team was trained, the next issue was identifying ergonomics problems. The occupational health nurse reviewed the occupational health department sign-in logs, the OSHA 200 forms, and the individual employee health records to look for trends related to cumulative trauma or work related musculoskeletal disorders. Also, an extensive symptom survey was distributed to everyone in the plant. The intent of the survey was to solicit input from employees who may not have previously reported problems related to pain they experienced while performing their jobs. The ergonomics team collected the surveys. A small safety gift was given to employees completing the survey form. Examples of symptom surveys include OSHA (1993) and Zabel (1997) .
To determine the scope of the ergonomics problem, it is important to review employees' complaints about pain related to performing their job (NIOSH, 1997) . The problem may be plant wide involving large numbers of workers in multiple jobs, or a single ergonomics problem. At XYZ Plant, much of the glass manufacturing process itself was automated, but there were specific problematic areas. The job categories that elicited the most complaints based on the symptom survey and the injury log consisted of: • Manual material handlers whose job involves unloading railroad cars full of raw materials for glass manufacturing and various other material handling tasks; • "Hikers" who set up cardboard boxes and put them on the conveyor line; • Glass bulb inspectors, who perform a task that involves repeated use of upper extremities to take measurements of bulbs along with entering data into the computer; • Maintenance workers who perform a variety of lifting tasks, occasionally in unusual settings and under time constraints; and • Benchworkers and platers who perform repetitive tasks using their upper extremities to clean the molds through which the heated glass is blown to form the bulb.
At team committee meetings specific projects for the above areas were reviewed and members were assigned to each project depending on their interest or area of expertise. The engineer was invited to attend the meeting when job modifications were discussed. Such adherence to an agenda format contributed to productivity by using time wisely. JULY 1999 VOL. 47, NO.7 To obtain funding to initiate the XYZ Plant projects, a detailed analysis of the ergonomics problem was submitted to upper management. Pictures and videotapes of the tasks in operation were excellent means of documentation, as some upper managers were located at the corporate headquarters outside the plant. The number of previous "near misses" and injuries associated with ergonomics problems were documented. Incurred costs were detailed, including insured costs such as workers' compensation medical and wage replacement benefits. Uninsured costs arising from property damage, payment of overtime and replacement workers, and decreased productivity due to lost time injuries were also included (National Safety Council, 1988) . In addition to the cost analysis, a detailed description of the proposed ergonomics modification, and the engineering input related to the projected impact on production, were submitted.
PROJECTS COMPLETED
The team decided to tackle some of the obvious, easy problems first and publicize the successful outcomes throughout the plant. This provided a way of gaining work force and management acceptance at an early stage. For example, bench workers and inspectors benefited from new adjustable work stools. The stools previously used were not adjustable or ergonomically designed. A vendor brought in sample ergonomics work stools. Before any stools were purchased, workers tried them and wrote down comments on clipboards attached to the back of the stools. Minor carpentry work was performed to insure the correct height and position of the workstations. In another example, keyboards were correctly positioned through the use of keyboard drawers. Employees were also able to design and install their own adjustable gauge racks as a result of ergonomics awareness and training. They felt empowered to do this based on the team's efforts.
Health and safety issues are often urgent in nature. Thus, the team was required to be flexible enough to deal with emergencies as they arose. For example, without prior notice, raw materials were suddenly shipped in 100 lb. bags rather than 50 lb. bags. This posed unsafe lifting issues. Steps were taken to contact the supplier to correct the situation, thereby eliminating the problem at the source.
Some problems are more expensive to fix permanently, and ergonomics solutions are not always inexpensive or easy. However, managers soon realize savings can be enormous when the cost of one work related back surgery case is considered. XYZ Plant used the Revised NIOSH Lifting Equation to calculate the risk of injury to material handlers required to lift bags of raw materials (Waters, 1993) . These raw materials were minor components weighing up to 50 lbs. that were added to the glass batch mixture. Calculation of the lifting equation showed these workers were at increased risk of back injuries. Lift tables were purchased and workers were instructed about how to position loads to make the lifting safer. Efforts are currently being directed toward automating the process to eliminate most of the lifting. A major ergonomics success was the purchase of a large vacuum system (Figure) . Use of the vacuum eliminated back injuries associated with the manual shoveling of piles of waste glass which accumulated underneath belts in tunnels under the production floor. Shoveling glass in such a cramped environment was a glaring ergonomics problem. With the vacuum purchase, workers were able to dispose of waste glass without shoveling.
Adjustable lift tables were purchased for hikers who made cardboard boxes. These tables minimized bending and reaching for cardboard boxes stacked near the production pack lines. Ergonomics floor mats were also supplied to this same group of workers who spent a lot of their day standing on concrete. Lifting devices, such as overhead cranes and hoists, were purchased for maintenance workers.
CONTINUOUS QUALITY IMPROVEMENT AND OUTCOMES
Ergonomics must be a permanent part of a comprehensive health and safety program.
By itself, ergonomics is an activity. Neither management nor the worker needs more activities ... The sci-314 ence of ergonomics must become a tool used by all to meet this goal (a safer and more productive workplace) not an art practiced by a few (Brough, 1997) .
At XYZ Plant continuous quality improvement (CQI) is a major focus. This concept is intended to bring about dramatic changes in the plant's day to day operations. CQI is a systematic organization wide approach for improving processes delivering products and services. It involves four basic principles: • Develop a strong customer focus, • Continually improve all processes, • Involve employees, and • Mobilize both data and team knowledge to improve decision making (Brassard, 1994) .
The function and goals of the ergonomics team at XYZ Plant coincide with its quality initiatives. Many employees had been trained in CQI. These skills were transferable to participation on the ergonomics team. The plant management's recognition of convergent elements between the CQI process and the ergonomics team helps to maintain the team's continued success.
Team productivity, number of interventions, and participant feedback are outcome measures that can be used to assess the effectiveness of the participatory approach for solving ergonomics related problems (Moore, 1994) . Team productivity is determined by comparing the number of jobs analyzed to the targeted number of problematic jobs. The number of successful interventions also can be tracked. Participant feedback may be obtained through the use of a self administered questionnaire. At XYZ Plant, the first two measures were not formally tracked. This is a future goal.
The team relied on verbal feedback related to the success or failure of the team's interventions due to the small size of the work force and frequent daily interactions on the production floor between team members and workers. Verbal feedback obtained was documented in meeting minutes and discussed at team meetings. Follow up with the work force concerning the ergonomics intervention should be conducted 3 months after its implementation to minimize the Hawthorne effect. By that time, the novelty of the intervention will have dissipated (Moore, 1994) .
In terms of suggestions to help improve the team's performance, further ergonomics training, particularly in job analysis, will be beneficial. The team relied too often on simple brainstorming sessions to solve problems. Also, additional monetary funding and time allocation by management is always desirable.
The goal of any ergonomics program is to be proactive. Prevention of injuries by the incorporation of ergonomics principles into the engineering work process design is the means by which to achieve this goal. A rewarding result of the team's efforts was the receipt of ergonomics suggestions and ideas from the engineering department prior to the installation of new equipment.
Many ergonomics problems encountered in this case report were a struggle to fix due to the age of the plant and design of existing equipment. Ergonomics was not considered when the plant was built and the manufacturing process was originally designed. Sometimes administrative controls, such as job rotation, were the only feasible solution at a given time. However, the team must persist in its efforts. A positive attitude on the part of the team leader, coupled with persistence and genuine concern for the employees' physical discomforts, can contribute to the team's overall success.
Objectively, the incidence of musculoskeletal injuries decreased within the first year of the XYZ team's inception. On a subjective level, employees voiced their appreciation. Through the ergonomics team they had a mechanism to have their concerns addressed and solved. Ergonomics teams are valuable in manufacturing. They are successful and beneficial to the entire work force.
